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FOURTH PARTTAL REPORT: PRESSURE-DISTRIBUTION MEASUREMENTS
ON A SWEPTBACK WING WITH JET ENGINE NACELLE¥*

By R. Buschner
‘SUMMARY

The present report, which deals with pressure-distribution measure-
ments made on a sweptback wing with a Jet engine nacelle, 1s similar to
a report on pressure-distribution measurements on a rectangular wing
with a Jet engine nacelle (second partial report). ~Here, in investi-
gations perliminary to high-speed measurements, as in the second partial
report, useful arrangements and fillet designs have been discovered.

1. STATEMENT OF THE PROBLEM

The followlng errangement was specified: a Jet englne nacelle, the
axis of which lies across a wing of constant chord at an obligue angle
of 35°, at most. The nacelle length was twice the wing chord. The
arrangement is to be regerded as half a sweptback wing, where an engine
nacelle 1s mounted under the center of each wing. For reasons of
experimental technique, only helf a wing - therefore a portion of a
yawed wing - 1s messured.

The subJect to be investigated: where and under what conditions do
velocity increases over the flight velocity appear with this arrangement
in £1ight? How large are these excess velocitles, can they be reduced
by proper design? :

*"Der Anbau von TL-Triebwerken an den Tragfligel. 4. Teilbericht:
Druckvertellungsmessungen en einem Pfeilflfigel mit einem Triebwerk.'
Zentrale fir wissenschaftliches Berichtswesen der Luftfahrtforschung
des Generalluftzeugmelsters (ZWB) Berlin-Adlershof, Untersuchungen und
Mitteilungen Nr. 3176, November 10, 194k.
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As background, there are test results for rectangular and swepb-~
back wings alone (fig. 1) and the pressure-distribution measurements
on a rectanguler wing with a Jet engine nacelle (second partial report)
(reference 1).

Resulte should be strived for which meintain the sweepback effect
to 1ts full extent. The sweepback effect and good Mach number behavior
ghould result as an additionsl advantage, not at the price of dlsadvan-
teges involved in the arrangement of sweptback wing and nacelle. The
investigation avoids the thecretlcal treatment and 1s to be carried out
experimentally.

Because of the signifilcance of this lnvestlgation as & preliminary
Investigation for high-speed measurements to be undertaeken later and in
order to provide for comparisons with the investigation of the rec-
tangular wing, this Investlgatlion 1s carried out aelso by use of wall
pressure-dlstribution measurements. Particular attention should be
given to the fillets between wing and nacelle where the largest pres-
sure and velocity differences are to be expected. For carrect
arrangement end choice of flllet, no portion of the fairing should
arrive at & critlicel veloclty range at high flyling speed sooner than
the wing alone.

By installastion of test stations in the fillet itself, 1t will be
possible to evaluate - though only pertly - how far the fillet selected
is correct. For that reason, the wing itself and the nacelle are to be
investligated as to the effects on them of the fillet selected. Fram
the effect of the flllet on adjacent perts of the wing and engline, one
may conclude the flgure of merit of the fillet selected. The upper
limit of the figure of merit attalneble is specified by the wing alone;
that 1s, the condltion to strive for is that the Ilncreased velocltles
are nowhere hilgher then at the wing alone.

2. THE ARRANGEMENTS INVESTIGATED

The arrangements investlgated differ from those described in the
second partiel report in the sweepback of the wing. The leading part
of the wing lies on the right side of the Jet engine macelle. This
side, where the acute angle appears between the nacelle and the leading
edge of the wing, 1s designated starbosrd 1n what follows. Corre-
spondingly, the other side with the obtuse angle 18 called the port
slde. For the sake of completeness, the followlng daba are repeabed:

= 3.2, NACA profile O 0012 1.140 in the direction of flow. The angle
of attack was referred to the chord of the wing. In carrylng out the
experiments, the seme polnt of view was held as for the rectangular
wing: quick adeptation to new posslbilities, thus the use of plasticene.
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The susceptibllity of many fillets to design change and the necessity
of retalning them for camparison gave work to the tinsmith, too.

Tunnel 2 (Im X 1.5m open Jet) with Vg, = 25 meters per second was
used for the measurements. The Reynolds number referred to the chord of

the wing in the direction of flow amounts to 0.6 X 106, which is to.be
borne in mind, especlally at large angles of attack. In the numbering,
. arrangements 13 to 18 commect onto the series of experiments for the

rectanguler wings wilth nacelles. The numbering only gives the time
sequence of carrying out the experiments. In the choice of am Initial
design the rectanguler wing arrengement 6 was teken as a basis. The
fillet used there had shown the best results for the rectangular wing
and corresponded best, in regards to constructlon, to the regquirements
set forth. The sweepback errangement 13 corresponding to this errange-
ment 6 was investigated firet. Arrangements 14 to 15a ere complementary
aerrengements to 13 with different wing flllets on the starboard side of
the nacelle.’ In arrangements 16 and 17 the nacelle is suspended by &
short and a longer strut underneath the wing. Lestly, arrangement 18
concerns the investigetion of an asymmetric falring of the fillet
between wing end nacelle. The asymmetric fairing originated in the
modification of the fillet of 13.

There was no fixed sequence for the arrangements investigated
beforehand; rather, the arrangements lnvestigated resulted automatically
from the sttempt to find an srrengement which corresponded to the condl-
tions set forth. While the fillet from nacelle to wing and the forward
position of the nacelle and, finally, the afterbody falring were modil-
fied snd investigated for a rectanguler wing, those sorts of variatlons
have been avoided for the sweptback wing and only the nacelle in mid-
position was measured. As wlll be shown, the difficultles character-
istic of the sweptback wing are elready readlly apparent with this
arrangement. If these can be mastered, i1t will be possible to design
other sultable arrangements also by using the kmowledge gained with the

rectangular wing.

3. RESULTS

() Application of the Results Obtained with the Rectangular Wing

Arrangement 13, the first to be investlgated, is copled directly
from the rectanguler wing srrangement and 1s to be seen in detall in
figure 2. The test results are so plotted in the figures, that the
measured pressures are to be found directly bslow the test statlons
indicated in the over-all sketch. The measurements (fig. 3) illustrate,
for one thing, the effect of the angle of attack o for an angle of
yaw B = 0; for another thing, they show the effect of a change in the
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angle of yaw, B, at various fixed angles of attack (figs. 4 to 6). The
fundemental difficulties which eppear in the Installation of TL-necelles
on the sweptback wing ere seen in the comparison graphs for arrange-
ments 6 end 13 in flgures 7, 8, and 9.

Fundementally, sterboard end port sldes are different.. As an
effect of the sweepback, the suction peek becomes larger on the star-
board slde of the upper surface of the sweptback wing than for the
rectangular wing, although the sweptback wing elone has smeller low
pressures then the rectanguler wing alone (fig. 1). This is noticesble
in high-speed flight at small values of cg in an increase of the
excess speeds, through which the improvement desired is lost, and at
large cg values in easrlier breskawey of the flow. On the under side
of the wlng, too, the excess velocities are incressed conslderably to
starboard. A very flat minimum arises that might become dangerous at
high Mach numbers.

These phencomena observed on the starboard side are not observed
in this degree on the port side in the reglon of the nose of the wing.
On the upper surface of the wing and on the under side the values are
better than for the rectanguler wing. Deteriorations, which are con~
slderable, appear on the tralling portion of the wing. More fundasmental
reasons for this behavior shall be discussed’in connectlon with arrange-
ment 18. While conditions are shown in the first figures for which the
through flow was completely throttled, as a result of which extreme
loads arise at thé nacelle intake, figures 10 to 13 show measurements
for a through flow which corresponds to high-speed flight. It can be
determined that the effect of the through flow on the fillet of
Interest between nacelle and wing 1s very small. On that account the
following errangements were investigated with zero through flow.

As a result the fillet of arrangement 13 appears useless. The
application of a cowling design proven good for & rectengular wing
to a sweptback wing errangement is, therefore, not permissible., How-
ever, since a complete fairing between nacelle and wing is required
mogt of the time for construction reasons, an attempt was made, first
to improve the starboerd side of arrangement 13.

(b) Chenges in the Felring on the Starboard Side

Since good results are obtalned for a rectangular wing by con-
structing a large shoulder cowling, corresponding messures were &lso
attempted with a sweptback wing. (See arrangements lha to lhe and 15a
to 15b; figs. 14 to 18.) It was well known by the author that a
ghoulder on a rectanguler wing is synonymous wilth a sweepback, while
in the case of a sweptback wing the sweepback 1s exectly cancelled by
it, since the leading edge in this region runs perpendicular to the
directlon of flight. :
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The remalning possiblliitles are an increase of the chord of the
wing in this reglon as well as changes of the profile which concern
the radius of the nose (arrengement 15a) and the design (for example,

a hinged nose, arrangement lhc). However, a fundsmental solution of
the difficultles appeering on the starboard was not obtained. The
improvements made are alweys limited only to & small range of the angle
of attack. In arrengement 15 the construction of a split nose flap
according to Kriiger (reference 2) led to good results (fig. 18).

(c) Modification of the Fillet

It 18 to be assumed that part of the difficultles that appesar
depend on the fact that the complete flllet between nacelle and wing
has a large lateral. surface which sets up a large hindrance to the
flow. Therefore, the flllet has been left out campletely in arrange-
ments 16 and 17 and the rotationally symmetricel nacelle has been
suspended from mrofiled struts (fig. 19). The case has no practical
significance and only serves for purposes of comperison. It is
recognized from the results (figs. 20 to 27) that conditions at the
wing actually become better bubt that lerge excess velocliies appesr
at the strut, as a result of which this arrangement, like the corre-
gponding one for the rectangular wing, does not appeaer useful.

(d) Asymmetric Cowling

The investigatlons up until now 414 not yleld any useful deslgns.
To get on, the cavitation method of Reichardt (reference 3) was turned
to 1n the hope of finding a way of improving the exlsting arrangement
by observation of the natursl flow. Reichardt specifles an increased
pressure contour. With flow in the cavitation region, a bubble is
formed in which the pressures are equel to those of the surrounding
contours. In the present case, & ring of increased pressure contours
occurred at the nacelle intake and the leading-edge of the sweptback
wing. The bubbles expanding for the nacelle and wing sepasrately showed
en vnusuel asymmetry in the fillet fram wing to nacelle. In the
Porward part of the starboard slde of the fillet an impressed groove
forms. The plcture presented to the eye gives the lmpression that
space was left on the starboard side of the flow for ample flow on the
under side of the wing.  Admittedly, the method only affords obser-
vations of flow phenomena at first, but it 1s convincing in its clarity.

These observations of the flow were & worth-while aid. The
phencmenea observed up to the present time can now be interpreted

physically, too.
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In addition to the flow parsllel to the longlitudinal nacelle axis,
a gsecondary flow forms with veloclty components parallel to the leading
edge of the wing. To understand the process somewhalt better, in the
case of & positively sweptback wing consider a few adjacent wing cross-
sections and the pressure distribution over them. Disregarding the
fact that over the wing span there existe a falling off of pressure
outward elready, the varlation by degrees of the wing cross sectlons
In the case of a sweptback wing has the same effect as a variation by
degrees of the mressure dilstribution over like profiles. Thereby, in
the forward portion of the wing, pressures falling off outward come to
lie next to one another, which cause an acceleration of the alr outward,
that 1s, in the direction of the tralling wing; a secondary flow arises,
approximately perallel to the leading edge of the wing. In the trailling
portion of the wing, the secondery flow moves fram the tralling to the
leading side, so that altogether the flow has the varlation polnted out
in the sketch below.

If & hindrance is placed in this secondgry flow, as for lnstance the
nacelle in the present experimental arrangement, which prevents a
complete development of the secondary flow, additlional excess velocitles
are obtained which occur in the present case on the starboard side in
the forward portion of the wing, on the port side in the tralling portion
of the wing. These phenomense are to be clearly recognized with errange-
ment 13 and with the strut errangements 16 and 17. Besides, there is
Jolned to this the deflected flow around the nacelle, by which conditions
are made still worse.

These are the same argmments which are applled by Professor Quick,
also, in the installation of a fuselage on a sweptback wing. The know-
ledge obtalned is made use of in fashioning the flllet of arrangement 18,
chiefly on the sterboard side (figs. 28 and 37). The test results seem
to confirm the suppositions made. A substantiel improvement of the
sterboard slde over arrangement 13 esnd, also, over the rectanguler-wing
arrengement 6 ig obtalned. The excess velocltles are clearly reduced
(figs. 34 to 36).
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It appeears that the flow in the hollow starboard slide underneath
the wing is diverted better than by the raised side starboard of the
strut (fig. 33), by wey of comparison. Thus the deflection of the flow
‘remeins in the seme direction. The accelerations appeering cease.
Naturally, errangement 18 is not the best. However, it is permissible
to expect further improvements on the hasls of results up to the present.
Arrangement 18 still has the faults of errangement 13 on the port side.
There & velocity component inwerd appears. Thils would have to be met
with a groove sufficlent at this poslition. Also on the underside of the
wing on the starboard side, improvement may certalnly be gained by a
grooving and also by a change in the radius of the nose. A new improved
fillet wlll teke inbto account the knowledge acquired.

The results still are not in.
L. SUMMARY

The existing measwrements were teken on a sweptback arrangement
with special consideration of the Pillet deslgn fram wing to nacelle.
The initial form selected, which had shown the best results for the
rectangular wing, proved useless for applicatlion to the, sweptback wing
in a noncentral arrangement. Difficultles appeared with it in the
treatment of fillet designs, which ere tc be characterized &s typical
for the prescribed sweptback wing arrangement. They result from the
secondary flow, effected through the sweepback on the fillet, which
must be taken into account in the cholice of a design. A more sultable
deslgn was measured. It 1s asymmetricel and hollow in a manner adapted
to the secondery flow. The design cresasted gives an Improvement in the
results by a sweepback arrangement over the corresponding rectangular-
wing arrangement described elsewhers.

According to the results obtained, the method seems correct for
finding fully developed designs for a sweptback-wing arrangement. The
essential difficulties are kmown. From case to case, however, the
individual nature of the problem set forth will have to be consldered
accurately. The results are not confirmed at high Mach numbers. To
check the correctness must remsin the subject of a newer experiment.

Translated by Dave Felngold
National Advisory Camlttee
for Aeronautics
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Figure 37.- Arrangement 18; fillet. (Photograph)
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